Abstract. The response of the superconducting charge carriers to an applied magnetic field has been probed in a number of organic superconductors using µSR. Systematic studies have been made of the in-plane superconducting penetration depth λ in superconductors based on the ET and BETS molecules. These studies have revealed a strong correlation between λ and T c . This type of correlation was first noted in high T c cuprates by Uemura et al who found a linear relation between T c and λ -2 . In the case of organic superconductors, however, we find that the overall correlation is better described as T c ∝ λ -3 . Understanding this characteristic trend should provide some important clues about the nature of the superconductivity in the organic superconductors; several possible models are considered here for describing this behaviour. It is concluded that models in which the superconducting carrier concentration is tied to the nominal band filling are inconsistent with the observed scaling behaviour.
The electrodynamic response of a type II superconductor in a magnetic field between H c1 and H c2 is an Abrikosov flux lattice. The width of the internal field distribution in this vortex state is directly related to the penetration depth λ, provided there is a regular 3D vortex line lattice present in the material, and the µSR technique provides an effective method for measuring λ within the bulk of such a superconductor. Previous studies on layered organic superconductors such as κ-ET 2 Cu(NCS) 2 have shown that reliable values for λ and its temperature dependence can be extracted only when sufficiently low fields and temperatures are used [1, 2] . This is because measurements must be made in the part of the vortex phase diagram that is below the various melting and decoupling phase boundaries that are a feature of layered superconductors. One important issue is the extent of correlation between λ and T c across the range of organic superconductors. The presence of such correlation would provide an important constraint on the nature of any overall theory which aims to describe the nature of the superconductivity in the organics.
The existence of a linear correlation between T c and the µSR linewidth, indicating that T c ∝ λ
∝ n s /m*, was first pointed out by Uemura et al for the case of the underdoped cuprates [3] . This was interpreted as evidence for the superconductivity in the low-carrier-density regime being the result of 2D Bose-Einstein condensation (BEC) of preformed local pairs [4] . An interpretation of the scaling was also made in terms of T c being controlled by the phase stiffness of the superfluid condensate [5] . However in both cases the predicted T c values were an order of magnitude higher than those observed experimentally. In order to test whether this type of scaling behaviour also holds throughout the family of organic superconductors, λ has been measured using µSR in a number of different organic superconductors and the correlation between T c and 1/λ 2 has been followed over nearly two orders of magnitude in transition temperature (Fig.1) [6] . It should be noted that the organic superconductors cover a much JOURNAL DE PHYSIQUE IV 368 wider relative parameter range than the cuprates, which span less than an order of magnitude in transition temperature. It can be seen from Fig.1 that there is indeed a strong correlation between T c and λ for the 2D organic superconductors studied so far. The relation previously observed for the cuprates is shown as a light shaded band on the plot and it can be seen that the higher T c organics such as κ-ET 2 Cu(NCS) 2 are consistent with this trend, as previously noted by Uemura [4] . For the lower T c organics however a marked deviation from the λ -2 trend line is seen and it is found that the overall correlation is better described empirically by T c ∝ λ -3 [6] . The simplest interpretation of this behaviour would assume that n s is almost constant, as determined by the cell geometry and stoichiometry of these 2:1 salts, and the variation in λ and hence T c is entirely due to the variation in m* between the salts; this would imply that T c ∝ (m*) -3/2 . However the transport mass is known to have the opposite behaviour, decreasing as T c decreases under pressure [7] , which rather rules out this simple picture [8] .
An alternative approach is to examine how departure from the linear scaling might arise within the BEC picture. The λ . This relationship between T c and effective mass also conflicts with experiments [7] . A theoretical model that has previously been shown to lead to both linear and nonlinear Uemura scaling [10] is the pair-hopping model of Penson and Kolb (PK) [11] which includes both single fermion hopping and pair hopping terms in its Hamiltonian. The electromagnetic properties of the PK model were recently studied by Czart and Robaszkiewicz [10] . The main parameters for this model are the band filling n and the ratio of the pair hopping bandwidth J 0 to the single particle hopping bandwidth B. For a 2D square lattice [10] it was found that for J 0 /B=4 a near linear Uemura plot is obtained as the parameter n varies, but reducing J 0 /B to 0.25 produces an upward curvature in the plot, similar to the enhanced power law seen in experiment. Variation in J 0 /B alone does not produce an upward curving plot.
The main conclusion of this study is that the straightforward picture, in which the superconducting carrier concentration n s is simply fixed by stoichiometry and bandstructure considerations, is not adequate to describe the observed scaling behaviour. Significant variation of n s across the range of 2D organic superconductors is necessary to explain the observed correlation between λ and T c . 
